PHYSIOLOGICAL CHANGES IN BLACK CURRANT CULTIVARS UNDER SUBOPTIMAL CULTURE CONDITIONS by COSMULESCU, Sina et al.
 318 
Bulletin UASVM, Horticulture 65(1)/2008 
pISSN 1843-5254; eISSN 1843-5394 
 
 
PHYSIOLOGICAL CHANGES IN BLACK CURRANT  
CULTIVARS UNDER SUBOPTIMAL CULTURE CONDITIONS  
 
Sina COSMULESCU, A. BACIU, M. GRUIA 
 
University of Craiova, Horticulture Faculty, 13 A. I. Cuza Street, 
Romania, sinacosmulescu@hotmail.com 
 
Keywords: black currant, water stress, thermal stress, physiology 
 
Abstract: Plants are frequently exposed to environmental stresses that occur simultaneously, such as 
drought and high temperature. The additive and interactive effects of these stresses and the ability of plant to 
resist multiple stresses simultaneously can be an important factor in plant growth and survival in stressful 
environments. This paper’s aim is to study physiologic reaction (photosynthesis rate, transpiration rate) of black 
currant cultivars to environmental factors (temperature, light). Determination of intensity in physiologic 
processes in accordance with climate factors has been carried out by using L Cpro+ portable photosynthesis 
system. 
 
INTRODUCTION 
 
At the international scale, the long term analysis of climate changes and their biologic 
effect has shown that they have impact on species’ physiology, species’ distribution, 
organisms’ phenology, biocenosis’ composition and dynamics (Parmesan and Yohe, 2003). 
The increase of CO2 annual oscillations amplitude in the atmosphere is put in relationships 
with the increase of CO2 assimilation by plants (Keeling et al., 1996).  Plants are frequently 
exposed to environmental stresses that occur simultaneously, such as drought and high 
temperature. The additive and interactive effects of these stresses and the ability of plant to 
resist multiple stresses simultaneously can be an important factor in plant growth and survival 
in stressful environments (Lichtenthaler, 1996). Of all physical stresses in global 
environment, water deficit is probably the most important in determining plant growth and 
productivity worldwide. Although most of the species have changed themselves according to 
predictions on climate changes, there are some species that do not react, while others are 
changing themselves in a different manner (Penualas et al., 2002). The net photosynthetic 
activity is subjected to seasonal changes and to diurnal changes which are  mainly influenced 
by the stage of shoot development, leaf ageing, hormones and carbohydrates accumulation in 
leaves, as well as by light intensity fluctuations, leaf temperature, air temperature and 
humidity (Lakso, 1985). Research has been made on environmental factors’ effect on 
physiological processes and on growth and development in fruit tree species, in Romania as 
well (Burzo et al., 1999; Cosmulescu, 2004, 2007). 
 
MATERIALS AND METHODS 
 
Determinations have been carried out on black currant (Ribes nigrum L.) cultivars that 
are cultivated under climate conditions in Oltenia region, Romania (Craiova, Banu Maracine). 
From weather point of view, the year 2007 was a special one as compared to the previous 
years, being a much warmer year than normally, with very dry periods or precipitations in 
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 Figure 1: Relation between PAR incident on leaf surface 
and photosynthetic rate 
y = -32,682x2 + 283,42x + 134,76
R2 = 0,0525
r=-0,229
0
500
1000
1500
2000
0 2 4 6 8 10
A (µmol m-2s-1)
Ql
ea
f (
µm
o
l m
-
2s
-
1)
excess. Precipitations amounts were below normal average monthly values in the months of: 
January, February, April, June, July and December, with a deficit as high as 50 liter/sqm. It is 
worthwhile to remark the month of April with total lack of precipitations, and July, with only 
2 days of precipitations recorded, with total amount of 5.6 liter/sqm only. At the same time, 
during 3 months precipitations in excess were especially recorded, namely: August, October 
and November. During those months, precipitations were 2-3 times higher than monthly 
average.  
Determinations of photosynthesis and transpiration intensity were made by using the 
portable Lcpro system that enables automatic recording of other parameters as well (stomatal 
conductance, leaf temperature, incident photosynthetic radiation etc). LCpro is designed to 
carry out precise measurements of photosynthesis and transpiration, by automatically 
controlling the leaf chamber environment. Lcpro leaf chamber contains a system for 
analysing and measuring the CO2 and H2O. Measuring of CO2 is carried out through a 
miniature infrared gas analyzer. Measuring of H2O is done by using high quality water 
vapours sensors. Beside gas exchanges, other relevant parameters are being measured as well; 
various calculations are also automatically carried out, based on recognized formulae.    
All measurements, calculations and experimental programmes were stored in files on 
memory cards. The results were graphically represented and statistically interpreted.   
 
RESULTS AND DISCUSIONS 
 
Both environmental factors (light, temperature, the CO2 concentration in the air, soil 
humidity, soil fertility) and internal factors (leaves’ age, leaf structure, stomatal distribution, 
chlorophyll content, the degree of carbon hydrates accumulation in the leaf) do have 
influence on photosynthetic intensity. In determinations that were carried out, the following 
factors were taken into account to have influence on photosynthesis: leaf temperature; 
stomatal conductance for CO2; active photosynthetic radiation. 
Satisfying the requirements for light has favourable influence on all vital processes in 
horticultural plants. Sun radiation reaches soil and canopy in two forms: direct light and 
diffuse light. Within 5-15 seconds, changes in photosynthetic active radiation (PAR) intensity 
cause changes in the active photosynthetic intensity. PAR penetration inside shrubs is 
decreasing in correlation with the increase of vegetative growths - PAR being generally 
higher at the side of shrub.  
 Negative correlation was found 
between PAR and photosynthetic rate, 
R2=0.0525. Photosynthetic rate is increasing 
with the increase of incident radiation, up to 
the value of 600-650 µmol/m2/sec, it remains 
constant, and above those values it decreases 
(Figure 1). 
Under experimental conditions given, 
approximately 5% of photosynthetic rate 
variation was determined by PAR intensity. 
PAR intensity exceeded the value of 1500 
µmol/m2/s. Photosynthetic rate has similar 
curves with  PAR. During morning time, PAR 
has lower values (200-400 µmol/m2/s), variation limits being between 108 and 1619 
µmol/m2/s (Figure 2).m  
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Figure 2: Variation photo-synthetic rate and PAR incident 
on leaf surface 
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Of solar energy absorbed by leaves, just 
a small part (1-5%) is converted into 
biomass, the rest of it is transformed in 
thermal energy.  It results from this the 
importance of heat that releases, among 
others, transpiration process, in which the 
most part of thermal energy is consumed. 
These aspects, without mentioning others 
as well, are sufficient to consider as 
mandatory the quantitative knowledge of 
radiant solar energy that is incident on 
the surface of a plants community during vegetation period, with indispensable value for 
estimating its agro-productive potential. 
 The link between photosynthetic rate, incident radiation and leaf temperature, is 
shown in Figure 3. It is shown that 
photosynthetic rate is being influenced 
by leaf temperature, and by active 
photosynthetic radiation. For the 3 
factors determined, the recorded values 
varied from one cultivar to another, and 
within the cultivar varied with the 
moment of determination. Incident 
radiation increased, beginning in the 
morning, by reaching maximum value 
during 13.00-14.00 hours. Leaf 
temperatures were high, above 32°C, 
reaching maximal values of 40.2°C. Photosynthetic rate varied between 1.62 and 7.69 
µmol/m2/s depending on these factors.  
 Another factor that was taken under study was stomatal conductance for CO2. 
Stomatal conductance for CO2, expressed in mol/m˛/s, represents the value expression of 
stomatal permittivity for carbon dioxide passing through. The study of this parameter offer 
information on the way how the plant 
reacts under different conditions of water 
supply or temperature, to adjust the 
intensity of transpiration process, so that 
to reduce water loss. Leaf temperatures 
higher than 35°C cause the decrease of 
stomatal conductance. For temperatures 
lower than 35°C, stomatal conductance is 
recording higher values (Figure 4). 
     Transpiration in fruit trees and 
shrubs occurs through all aerial organs, 
with priority in leaves, specialized organs 
for development of this process. Intensity 
Figure 3: Variation leaf chamber temperature, photo-
synthetic rate, PAR incident on leaf surface 
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Figure 4: Variation stomatal conductance of CO2, leaf chamber 
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of transpiration process varies depending on numerous external factors. Factors analysed 
were: leaf temperature, stomatal conductance. 
In analyzing the correlation between factors of temperature and stomatal conductance, it 
was found that transpiration rate has lower values for temperatures below 35°C. As 
temperature is increasing, variation of the two factors is going in tandem (Figure 5). 
Transpiration intensifying enables 
reduction of plant’s temperature. 
Changes in leaf water potential and 
in transpiration process intensity 
are caused by water absorbed from 
soil, and its transportation speed, as 
well as by water potential in the 
atmosphere. As a result these 
factors’ variation, the transpiration 
process intensity is changing 
during the day. The increase of 
temperature and reduction of air 
relative humidity, during the 
summer season, are causing changes in the typical dynamics of transpiration process. 
 By analysing correlation between leaf temperature and transpiration rate (Figure 6), it 
was found positive correlation - as 
temperatures increase, so the transpiration 
rate increases too. Temperatures of parts 
exposed to sun have reached values of 
more than 35°C. Higher temperatures 
cause the assimilation stop, respiration 
intensification and fast decrease of reserve 
substances; in case of fruit-trees, 
temperature of 39°C, is considered to be 
maximum limit for normal development of 
photosynthetic and growth activity. 
Determination coefficient was 0.02. Higher temperatures, correlated with reduced 
atmospheric humidity are causing the decrease of transpiration intensity. 
Interception surface of solar radiations is correlated with the amount of heat stored in 
leaves, and consequently, with transpiration 
process intensity. In order to determine the 
link between transpiration rate and stomatal 
conductance, the determination coefficient 
was calculated. Determination coefficient 
(R2), between transpiration rate and stomatal 
conductance was 0.43, showing a good 
correlation between the 2 factors. It was 
observed the decrease of stomatal 
conductibility together with reduction of 
transpiration intensity (Figure 7).  
   
 
Figure 5: Variation transpiration  rate, stomatal 
conductance of CO2, leaf chamber temperature 
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Figure 6: Relation  between transpiration  
rate and leaf chamber temperature  
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Figure 7: Relation between transpiration  rate and 
stomatal conductance of CO2 
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 During determination period, leaf chamber temperatures were over 30°C, 
determination coefficient (R2) was 0.12, thus showing a good correlation between the 2 
factors (Figure 8).  Correlation is negative. In general, in fruit-tree species, at temperatures 
higher than 30-35°C, stomata shutting occurs, which causes the diminishing of transpiration 
process.  
 
 It was observed that stomatal 
conductibility decreased with the 
increase of leaf temperature, a fact 
explained by the existence of adaptive 
mechanisms that, under conditions with 
higher temperatures and deficit in water 
regime, the plant is reducing water loss 
by movements of stomatal shutting and 
opening.   
 
 
 
CONCLUSIONS 
 
 Growth and fruit-setting are influenced by complex mutual links among multiple 
physiologic processes that are developed in the organs, depending on genetic, hereditary traits 
and environment. Unfavourable environmental conditions cause the change in the 
development of physiologic processes, which reflect in the organs’ growth and plants’ fruit-
setting. 
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Figure 8: Relation between stomatal 
conductance of CO2 and leaf chamber 
temperature 
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